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略語（出現順） 
HERA: HERcetin Adjuvant 
HR: hazard ratio 
CHOP: cyclophosphamide, doxorubicin, vincristine, prednisolone 
BMs: brain metastases 
QOL: quality of life 
WBRT: whole brain radiotherapy 
SRS: stereotactic radiosurgery 
GKRS: gamma knife radiosurgery 
RTOG: radiation therapy oncology group 
RPA: recursive partitioning analysis 
JLGK: the Japanese Leksell Gamma Knife Society 
IQR: interquartile range 
MRI: magnetic resonance imaging 
KPS: Karnofsky performance status 
MET: C-11 methionine 
PET: positron emission tomography 
M-RPA: modified recursive partitioning analysis 
95% CI: 95% confidence intervals 
SIR: score index for radiosurgery 
BSBM: basic score for brain metastases 
GPA: graded prognostic assessment 
GI: gastrointestinal 
NSCLC: non-small cell lung cancer 























で無病生存期間が有意に延長して有用性が示された（hazard ratio [HR]; 1.423, p 
< .0001）。また、びまん性大細胞型B細胞リンパ腫に対するCHOP療法




















（whole brain radiotherapy; WBRT）が一般的に行われており、各種癌診療ガイド
ラインでも標準治療とされてきた。しかし、近年、定位手術的放射線治療



























ことができたものの[20, 25, 85, 86]、生存期間は延長せず、機能予後が悪化した
[85-88]。また、ドイツで行われた多施設共同無作為化比較試験などでは、生存















































































































GKRSは1998年から2003年6月まではLeksell GK Model B unit（Elekta Instruments 
AB）、2013年12月まではLeksell GK Model C unit（Elekta Instruments AB）、それ以
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症例に対しては辺縁線量を24 Gy以上で照射した。15.0 ccより大きい場合には20 
Gyで照射した。さらに、最大腫瘍体積が10.0 ccより大きい場合には18 Gy以下で
照射した。視神経・視交叉・視索に対しては10-12 Gyを超えないよう線量を調整
した。脳幹病変に関しては、腫瘍体積が1 cc未満の場合は18-20 Gy、1-4 ccの場合


































methionine (MET) positron emission tomography (PET)を使用した[111-113]。主要合
併症は、RTOGによる神経障害（Table 3）でgrade 2以下のものとした[114]。また、
grade 0、1においても、のう胞や病変の増大により、放置すると高リスクとなる


































（Table 4）。Figure 4Aで示したように、再治療後の生存期間中央値は7.4（95% 
confidence intervals [95% CI] 7.0-8.2）か月であった。累積生存率は6、12、18、24、
36、60か月でそれぞれ58.2%、34.7%、23.0%、15.6%、9.1%、4.3%であった。Table 
5で示すように、多変量解析では、女性（HR; 1.423. 95% CI; 1.233-1.644, p<0.0001）
KPS80%以上（HR; 1.753. 95% CI; 1.410-2.167, p<0.0001）、良好なM-RPA（2b vs. 
1+2a, HR; 1.483. 95% CI; 1.220-1.807, p<0.0001）（2c+3 vs. 2b, HR; 1.353. 95% CI; 
1.133-1.613, p=0.0008）、腫瘍数が4個以下（5 or more vs 4 or fewer, HR; 1.404. 95% 















変量解析では、最大腫瘍体積が10 cc以上（HR; 2.760. 95% CI; 1.073-8.036, 




vs 22.4 Gy, p<.0001）。 
GKRS関連合併症は、25例（2.9%）で見られた。再治療から合併症発生までの





















































































った。Table 4では、再治療後の合併症累積発生率は、the Japanese Leksell Gamma 
Knife Society (JLGK) 0901スタディーと比較して低くなっていることが分かる
21 
 




















いたPETの感度は50%-86%、特異度は80%-94% [123, 126, 127]、MET-PETの感度
は78%-79%、特異度は75%-100%であり[112, 128]、それぞれ有用であるといわれ
ている。本研究では、鑑別困難であった場合、MRI、MRS、MET-PETを用いて
総合的に判断した[112, 129, 130]。 
 再発に対し、予後を予測する等級指標があると治療方針を決定する際に有用
である。初回BMsに対する指標としてはRPA[19]、score index for radiosurgery (SIR) 
[131]、basic score for brain metastases (BSBM) [132]、graded prognostic assessment 
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1993-1996 53.2 53.2 26.9 61.6 68.9 64.6 21.2 19.6 6.5 78.1 22.5 84.4 74.4 49.4 66.8 89.6 77.8 92.0 48.5 30.0 32.3 
1997-1999 54.3 52.9 31.6 62.1 68.9 65.2 23.1 20.2 6.7 76.1 25.6 85.5 72.5 52.0 75.5 92.0 76.5 92.4 49.9 29.8 32.9 
2000-2002 56.9 54.6 33.2 64.3 69.7 66.1 27.1 21.8 5.5 77.8 29.0 87.7 74.2 53.3 84.6 93.9 77.2 92.1 54.6 29.0 32.1 
2003-2005 58.6 54.3 33.7 63.3 70.1 67.5 27.9 21.1 7.0 75.9 29.7 89.1 75.0 55.0 93.8 - 73.5 92.2 58.7 32.6 37.3 




Table 2  Summary of demographic characteristics of 2921 brain metastasis patients performed 1st SRS and 859 2nd SRS 
  SRS time 
Characteristics   1st 2nd 
  2946 859 
Age (years) Median 66 64 
 IQR 58-73(19-96) 56-71(21-88) 
 Mean(SD) 64.6(11.32) 63.1(10.95) 
Sex Male 1759(59.7%) 483 (56.2%) 
Neurological symptom No 1413 (48.0%) 455 (53.0%) 
Primary cancer status Controlled 968 (32.9%) 390 (45.4%) 
KPS ≥80% 2263 (76.8%) 727 (84.6%) 
Modified-RPA class34,35 1+2a 678 (23.0%) 225 (27.4%) 
 2b 897 (30.4%) 310 (37.7%) 
 2c+3 1371 (46.5%) 287 (34.9%) 
Primary Cancer NSCLC 1634 (55.5%) 487 (56.7%) 
 SCLC 257 (8.7%) 77 (9.0%) 
 Breast 342 (11.6%) 117 (13.6%) 
 GI tract 349 (11.8%) 89 (10.4%) 
 Kidney 117 (4.0%) 34 (4.0%) 
 Others 247 (8.4%) 55 (6.4%) 
Prior surgery Yes 543 (18.4%) 142 (16.5%) 
Synchr or metachr Synchr 515 (17.5%) 147 (17.1%) 
56 
 
Tumor numbers Median 3 4 
 IQR 1-8(1-85) 2-10 (1-48) 
Tumor volume (cc)     
Cumulative      Median 5.6 2.13 
 IQR 1.84-13.10(0.006-126.2) 0.70-5.81(0.021-64.14) 
Largest tumor Median 3.80 1.14 
 IQR 1.10-8.91(0.006-94.2) 0.35-3.50(0.013-45.26) 
Peripheral dose (Gy)  Median 21 24 
 IQR 20.0-24.0(5.8-32.0) 20.0-24.0(10.0-25.0) 
Maximum dose (Gy) Median 35 32 
 IQR 30.0-40.0(18.3-60.0) 30.0-40.0(3.8-50.0) 
Months btwn 1st and 2nd SRS Median  6.45 
 IQR  4.3-10.8(0.5-74.3) 
GI = gastrointestinal; IQR = interquartile range; KPS = Karnofsky performance status; Modified-RPA = modified–recursive partitioning analysis; NSCLC = 




Table 3  RTOG/EORTC Late Radiation Morbidity Scoring Schema 
 
 







Severe CNS dysfunction 
(partial loss of power or 
dyskinesia) 


















No = number; SRS = stereotactic radiosurgery; WBRT = whole brain radiotherapy 
 
*Based on 2668 in 1st GK and 789 in 2nd GK deceased patients whose causes of death were determined (101 in 1st GK and 24 in 2nd GK patients were 
excluded because causes of death were not available). 





Order of SRS 
1st 2nd 
No. of patients 2921  859  
Neurological death* 287 (11.2%) 111  (14.5%) 
Neurological deterioration 354  (12.1%) 61  (7.1%) 
Local recurrence** 193  (6.6%) 90  (15.8%) 
Repeat SRS 868 (29.7%) 281  (32.7%) 
Salvage WBRT 97  (3.3%) 28  (3.3%) 
Salvage surgery 41  (1.4%) 16  (1.9%) 
SRS-related complications 80  (2.7%) 25  (2.9%) 
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Table 5  Uni- and multicariable analyses of survival after repeat SRS 
 
Cum = cumulative; HR = hazard ratio; KPS = Karnofsky performance status; Max = maximum; Modified-RPA = modified–recursive partitioning analysis; 





HR (95% CI) P-value HR (95% CI) P-value 
Age ≥ 65 vs. < 65 1.052 (0.920-1.203) 0.4593   
Sex Male vs. Female 1.286 (1.123-1.473) 0.0003 1.407 (1.223-1.619) < .0001 
KPS < 80 vs. ≥ 80 2.118 (1.746-2.549) < .0001 1.786 (1.441-2.201) < .0001 
Modified-RPA Ⅱb vs. Ⅰ+Ⅱa 1.634 (1.373-1.947) < .0001 1.402 (1.159-1.700) 0.0005 
 Ⅱc+Ⅲ vs. Ⅱb 1.646 (1.399-1.936) < .0001 1.378 (1.159-1.638) 0.0003 
Origin Lung vs. Non-lung 1.015 (0.882-1.171) 0.8355   
Lesion No. ≥ 2 vs. 1 1.699 (1.444-2.009) < .0001 1.157 (0.929-1.443) 0.1927 
 ≥ 5 vs. ≤ 4 1.693 (1.474-1.943) < .0001 1.530 (1.303-1.798) < .0001 
Tumor volume Cum vol. ≥ 10 vs. < 10 1.448 (1.193-1.742) 0.0002 1.119 (0.824-1.485) 0.4613 
 Max vol. ≥ 10 vs. < 10 1.545 (1.213-1.940) 0.0006 1.406 (0.968-2.056) 0.0737 
Recurrent type Remote vs. Local 1.253 (1.003-1.587) 0.0465 1.097 (0.844-1.442) 0.4954 
 Both vs. Local 1.625 (1.209-2.189) 0.0013 1.272 (0.913-1.776) 0.1552 
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Table 6  Uni- and multivariable analyses of local recurrence after repeat stereotactic radiosurgery 
 
Cum = cumulative; HR = hazard ratio; KPS = Karnofsky performance status; Max = maximum; Modified-RPA = modified–recursive partitioning analysis; 





HR (95% CI) P-value HR (95% CI) P-value 
Age < 65 vs. ≥ 65 1.366 (0.898-2.104) 0.1462   
Sex Male vs. Female 1.205 (0.796-1.829) 0.3773   
KPS < 80 vs. ≥ 80 2.261 (1.047-4.321) 0.0390 1.999 (0.912-3.897) 0.0804 
Modified-RPA Ⅰ+Ⅱa vs. Ⅱb 1.323 (0.814-2.188) 0.2608   
 Ⅱc+Ⅲvs. Ⅱb 1.600 (0.881-2.862) 0.1209   
Origin Non-lung vs. Lung 1.545 (1.013-2.340) 0.0437 1.294 (0.830-1.997) 0.2526 
Lesion No. 1 vs. ≥ 2 1.284 (0.830-1.961) 0.2568   
 ≤ 4 vs. ≥ 5 1.326 (0.842-2.162) 0.2287   
Tumor volume Cum vol. ≥ 10 vs. < 10 4.550 (2.761-7.233) < .0001 1.220 (0.452-2.771) 0.6685 
 Max vol. ≥ 10 vs. < 10 6.671 (3.763-11.197) < .0001 2.760 (1.073-8.036) 0.0346 
Recurrent type Local vs. Remote 4.951 (3.031-7.902) < .0001 2.433 (1.318-4.445) 0.0048 
 Both vs. Remote 3.643 (1.967-6.364) 0.0001 2.986 (1.570-5.368) 0.0013 
Dose min. < 24 vs. ≥ 24 2.658 (1.771-4.005) < .0001 1.511 (0.907-2.496) 0.1121 
61 
 
Table 7  Recursive Partitioning Analysis (RPA) 
 
 ClassⅠ ClassⅡ ClassⅢ 
KPS ≧70 ≧70 <70 
Age <65 >65  
Controlled primary tumor Yes No  
Extracranial metastases No Yes  





Table 8  Score Index for radiosurgery in brain metastases (SIR) 
 
 Score 
Variable 0 1 2 
Age (y) ≧60 51-59 ≦50 
KPS ≦50 60-70 80-100 
Systemic disease status Progressive disease Stable disease or partial remission 
Complete clinical remission or  
no evidence of disease 
Lesions (n) ≧3 2 1 
Largest lesion volume (cm3) >13 5-13 <5 




Table 9  Basic Score for Brain Metastases (BSBM) 
 
 Score 
Variable 0 1 
KPS 50-70 80-100 
Control of primary tumor No Yes 
Extracranial metastases Yes No 





Table 10  Graded Prognostic Assessment (GPA) 
 
 Score 
Variable 0 0.5 1.0 
Age (y) >60 50-59 <50 
KPS <70 70-80 90-100 
No. of CNS metastases >3 2-3 1 
Extracranial metastases Present － None 




Table 11  Modified RPA 
 
 Score 
Variable 0 1 
KPS 90-100 70-80 
No. of CNS metastases 1 ≧2 
Primary tumor status controlled Not controlled 
Extracranial metastases No Yes 
CNS = central nervous system; KPS = Karnofsky performance status 
 
ClassⅡ-a: score of 0-1 
ClassⅡ-b: score of 2 
ClassⅡ-c: score of 3-4 
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